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mJECTABLE MICROSPHERES FOR TISSUE CONSTRUCTION 

1. FIELD OF INVENTION 

5 The present invention relates to injectable compositions comprising 

biocompatible, hydrophilic, non-toxic, and substantially spherical microspheres and 
mesenchymal stem cells useful for tissue construction and generation. The invention also 
relates to methods of tissue construction and generation, for the treatment of various tissues 
damages and defects, using the injectable compositions. 

10 

2. BACKGROUND OF THE INVENTION 

Tissue damages and defects can be the results of many conditions, including, 

but not limited to, disease, surgery, environmental exposure, injury, and aging. Tissue 

damages defects also take on many forms, making the treatment of them account for a large 

15 part of health-care resources. Examples of organs and body parts where tissue damages and 

defects may occur are: 

Cardiovascular 

Heart, including coronary artery, 

Angioplasty of coronary vessels, 

2Q Bloodvessels 

Spinal cord (neural and neuromuscular) 

Orthopaedic 

Bone, cartilage, tendon, and ligament 

Breast 

Gastrointestinal 
25 

Liver, gallbladder, bile duct 
Pancreas (diabetes) 
Intestinal 

Other 

^ ^ Urinary system including kidney 

Skin 
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Hemia 
Dental 

Blood transfusions (units of blood) 
See, Science 1993; 260: 920-26. 
5 Treatment for tissue damage and defects has attracted resources from such 

diverse fields as medicine, chemistry, and engineering. The results of these efforts, 
however, have been both encouraging and disappointing. This is partly due to the fact that 
tissues are not only composed of different type of cells but also from different organs and 
body parts. Therefore, they have different characters and react differently to a method of 

10 treatment or a specific material. 

One type of treatment for tissue damage and defects involves the implant of 
artificial devices to facilitate tissue repair and generation. For example U.S. Patent Nos. 
5,981,825 and 5,716,404 disclose anatomically specific and bioresorbable implant devices 
for facilitating the healing of voids in bone, cartilage, and soft tissue. Besides the fact that 

15 they are only suitable for certain types of tissue defects, these methods and devices are often 
intrusive and require surgical procedures, resulting in discomfort to the patients and even 
rejection by the body. 

Another type of treatment for tissue damage is the emerging tissue 
engineering technique, which often employ the combination of artificial and biological 

20 approaches to facilitate the body's own effort to heal or generate new tissues. For exampfe, 
U.S. Patent No. 5,885,829 discloses methods for regenerating dental and oral tissues from 
viable cells using ex vivo culture on a structural matrix. The regenerated tissues may then be 
applied to patients in need of such tissue repair. Although this type of tissue engineering 
promises to provide effective tissue repair and construction for many tissue deficiencies, 

2g they often involve expensive, complex and intrusive procedures. And, despite the great 
effort and progress made in in vitro and ex vivo cell culture technique, the body's acceptance 
of engineered tissues is still impredictable. 

Methods of using cultured cells and/or extracellular matrix alone or 
combining with artificial devices have also been developed for tissue construction and 

^ ^ generation. This type of treatment often involves the culture of cells and extracellular matrix 
and the implantation of them into the body thereof. For example, U.S. Patent No. 5,919,707 
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discloses a method for the isolation and use of pre-chondrocytes from umbilical cord that 
gives rise to chondrocytes which produce cartilage for implantation to repair tissue 
deficiencies. U.S. Patent No. 5,830,708 discloses methods for producing naturally secreted 
human extracellular matrix material which are useful for the repair of soft tissue and skin 
5 defects. Although this type of methods are less intrusive and may be modified to avoid the 
use of surgical procedures, they usually do not provide the necessary mechanical strength to 
facilitate more effective tissue generation. Further, by primarily relying on cultured cells and 
extracellular matrix, these methods also increase the risk of rejection by the body. 

The development of techniques that enable the isolation, purification, and 

10 culturally expansion of stem cells has provided a potent new tool for tissue construction and 
generation. "Stem cell" is a term used to describe a "generic" cell that is capable of growing 
to become numerous types of other specialized cells that perform specific body functions 
(like brain cells, muscle cells, bone cells, or blood cells). The ultimate stem cell would thus 
be a fertilized human egg, which consists of one cell, but has the instructions and capability 

15 to become every different type of cell within the human body. 

Next to the embryo would be the totipotent embryonic stem cell. Embryonic 
stem cells are imdifferentiated cells that are unlike any specific adult cell. They have the 
ability to fomi any adult cell. Because undifferentiated embryonic stem cells can proliferate 
indefinitely in culture, they could potentially provide an unlimited source of specific, 

2 Q clinically important adult cells such as bone, muscle, liver or blood cells. Yet, despite recent 
development in isolation and culturing of embryonic stem cells, their application in tissue 
repair and generation is still far from practical. 

Thus, scientists have turned their attention to the more "committed" stem 
cells, which are cells that are capable of becoming many types, but not all types, of cells. 
Some examples of these would be "hematopoietic" stem cells, which are capable of forming 
all types of blood cells, or "neuronal" stem cells, which are capable of forming all types of 
brain cells. Thus, for example, a hematopoietic stem cell could not be made to produce 
brain cells. 

Stem cells that can divide into more than one types of other cells are called 
pluripotent stem cells. One specific line of pluripotent stem cells important to tissue 
construction and generation are stromal stem cells or mesenchymal stem cells. 
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Mesenchymal stem cells ("MSCs'O are the formative pluripotent blast cells 
found, inter alia^ in bone marrow, blood, dermis and periosteum that are capable of 
differentiating into any of the specific types of mesenchymal or connective tissues (/.e., the 
tissues of the body that support the specialized elements; particularly adipose, osseous, 
5 cartilaginous, elastic, and fibrous connective tissues) depending upon various influences 
fi-om bioactive factors, such as cytokines. Studies have confirmed that MSCs are capable of 
being differentiated into bone, cartilage, muscle, fat, and connective tissue cells. See, e.g,, 
Owen, J. Cell Sci.. Suppl. 1 0:63 (1 988). 

MSCs, therefore, are the body's storehouse of potential spare parts. Inside the 

10 body, there are pockets of unspecialized MSCs, tucked into a variety of places, that can 
migrate to an injury and, responding to signals in the milieu, embark on a normal 
developmental pathway to become what's needed. They are not totipotent, as are embryonic 
stem cells, but pluripotent, capable of differentiating into bone, muscle, cartilage, and 
connective tissue and their derivatives. Neither are they as far along the developmental 

15 trajectory as hematopoietic stem cells used to replenish bone marrow, or the neural stem 
cells that researchers recently rerouted to produce hematopoietic cells. Thus, MSCs have 
become the focus of development efforts relating to tissue construction and generation. 

For example, U.S. Patent No. 5,226,914 discloses processes and devices for 
utilizing isolated and culturally expanded marrow-derived mesenchymal stem cells for 

2 Q treating skeletal and other connective tissue disorders. The *914 patent discloses a process 
of isolating and purifying marrow-derived mesenchymal stem cells prior to differentiation 
and then culturally expanding to produce a tool for skeletal therapy. 

U.S. Patent No. 5,906,934 discloses a method for growing articular cartilage 
or subchondral bone in a patient by administering certain mesenchymal stem cells seeded in 

2 g a polymeric carrier suitable for proliferation and differentiation of the cells into articular 
cartilage or subchondral bone. Thus, for purposes of tissue construction and generation, 
mesenchymal stem cells are a practical source of potential supply of cells for many different 
types of tissues. 

Tissue bulking techniques have also been used in tissue construction and 
generation. Liquid or semi-liquid preparations with various degrees of viscosity have been 

30 

used for this purpose. An example is silk-elastin protein polymers firom Protein Polymer 
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Tedmologies, Inc. These preparations are injectable, but they have on or more of the 
following limitations: (1) the "protein polymers" are gradually displaced within the tissue in 
which it was originally injected, thereby reduce or eliminating the intended tissue repair 
effect; (2) the "protein polymers" are digested biologically, through the lymphatic system or 
5 by other means, thus causing possible adverse effects as well as reducing tissue repair effect; 
and (3) the "protein polymers" tend to fonn a continuous foreign mass within the tissue after 
injection thereof, impeding tissue construction and generation. 

Prior to the present invention, microspheres have been manufactured and 
marketed for in vitro use in anchorage dependent cell culture. (Van Vezel, A.L., Nature, 

10 216:64-65 (1967); Levine et ah, Somatic Cell Genetics, 3:149-155 (1977); Obrenovitch et 
al., Biol. CelLy 46:249-256 (1983)). They have also been used in vivo to occlude blood 
vessels in the treatment of arteriovascular malformation, fistulas and tumors {See, U.S. 
Patent No. 5,635,215 to Boschetti etai; Laurent et al.,^ Am. Soc. NeuroioU 17:533-540 
(1996); and Beaujeux et al. 1 Am, Soc, Neuroial, A:533-540 (1996)). 

15 Further, direct implantation of cells into living tissues such as brain or liver to 

correct specific deficiencies has been attempted albeit with a number of failures. The major 
problems associated with direct cell transplantation are the long term viability of the cell 
transplant and the immunopathological as well as histological responses, Microparticles 
with cells attached on their surface have been used in some in vivo applications. Cherkesey 

2Q et al., IBRO, 657-664 (1996), described the culture of adrenal cells on coated dextran beads 
and the implantation into mammalian brain to supplant some specific disorders related to 6- 
hydroxydopamine-induced unilateral lesions of the substantia nigra. The pre-attachment of 
cells to dextran microcaxriers allowed for improved fimctions of the cells implanted into the 
brain. Also liver cells transplantation has been used to manage acute liver failure, or for the 
replacement of specific deficient fimctions such as conjugation of bilirubin or synthesis of 
albumin. For this purpose, an intrasplenic injection of hepatocytes grown on the surface of 
microspheres was performed (Roy Chowdhury et al., in: Advanced Research on Animal Cell 
Technology, AOA Miller ed., 315-327, Kluers Acad. Press, 1989). 

Therefore, there is a great need for safe, biocompatible, stable and effective 
methods of tissue construction and generation. There is also a need for stable and 
biocompatible injectable composition for tissue repairing. 
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3. SUMMARY OF THE INVENTION 

The present invention provides injectable compositions and methods of using 
the injectable compositions for tissue construction and generation for the treatment of 
various tissue and organ defects. Specifically, the invention provides injectable 
5 compositions comprising biocompatible, hydrophilic, non-toxic and substantially spherical 
microspheres associated with stem cells, particularly mesenchymal stem cells, and a 
biocompatible carrier. The composition is injectable through needles of about 18 to 26 
gauge, preferably 24 to 26 gauge, thus the compositions can be used accurately and 
conveniently for the treatment Further, the microspheres are not capable of being 
10 eliminated through the lymphatic or immune system after injection, providing long lasting 
bulking, treatment, and growth effects. The methods are also more efficacious due to both 
the tissue bulking effect of the microspheres and the tissue generation effect of the stem 
cells. 

Stem cells xisefiil in the present invention include stem cells that can be 
X5 isolated and culturally expanded, such as hematopoietic stem cells and neuronal stem ceils. 
Particularly useful for the present invention are mesenchymal stem cells. The mesenchymal 
stem cells used in the present invention can be isolated and purified using known methods. 
The origin of the mesenchymal stem cells can be of any source suitable for the methods of 
isolation and cultural expansion, such as from bone marrow, muscle cells, dermis, or 
20 connective tissue cells. 

The purified and culturally expanded stem cells, particularly mesenchymal 
stem cells, according to the present invention, are then associated with injectable 
microspheres, which process may happen directly through direct interactions between the 
microspheres and the stem cells, or indirectly through mediation of one or more cell 
2g adhesion promoters. The microspheres of the present invention preferably comprise ionic 
charges on their surfaces. More preferably, the microspheres comprise cationic polymers 
and exhibit positive charges on their surfaces. The association of stem cells with the 
microspheres not only facilitates effective delivery of the stem cells to the site of tissue 
repairing, but also performs tissue bulking function, further increasing the tissue 
construction and tissue generation result. 
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In one preferred embodiment, the microspheres of the present invention 
comprise one or more elastomers, such as acrylic polymers, vinyl alcohol polymers, acrylate 
polymers, polysaccharides, and silicones. These microspheres are flexible and can be easily 
injected through 18 to 16 gauge needles and yet large enough not to be digested by he 
5 lymphatic or immune system. 

In another preferred embodiment, the microspheres of the present invention 
are highly water absorbing and capable of swelling after injection and upon contact with 
physiological fluids at the site of the injection, thus become secured at the site of injection. 
This property of the microspheres enable them to be easily injected through 1 8 to 26 gauge 
10 needles yet large enough, due to the swelling, not to be digested by the lymphatic or immune 
system. The swellable microspheres of the present invention preferably comprise sodium 
acrylate polymer, acrylamide polymer, aciylamide derivative polymer or copolymer, sodixim 
acrylate and vinyl alcohol copolymer, vinyl acetate and acrylic acid ester copolymer, vinyl 
acetate and methyl maleate copolymer, isobutylene-maleic anhydride crosslinked copolymer, 
15 starch-acrylonitrile graft copolymer, crosslinked sodium polyacrylate polymer, crosslinked 
polyethylene oxide, or mixtures thereof 

In a preferred embodiment, there is no aggregation or clumping of the 
microspheres in the injectable composition before and during injection. In addition, the 
injectable composition can contain one or more of therapeutic or prophylactic agent, 
2Q radiopacifying agent, and contrast medium or other detectable substances to provide 
therapeutic and other benefits while performing tissue construction and generation. 

The present invention fiirther encompasses methods of tissue construction 
and generation in a manunal by administering a composition of biocompatible, hydrophilic, 
non-toxic and substantially spherical microspheres associated with stem cells, especially 
mesenchymal stem cells in a biocompatible carrier to the mammal. The composition is 
suitable to be delivered into the body by means of syringes, catheters, needles, or other 
means for injecting or infusing microspheres in a liquid medium. The microspheres of the 
composition are injectable through needles of about 18 to about 26 gauge and are not 
capable of being eliminated or digested through the manunal's lymphatic system. 
^ ^ The present method is not restricted to the construction or generation of any 

specific tissue or organ of the mammal, rather the methods are suitable for treating tissue 
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defects in many parts of the mammal, including, but not limited to, heart, coronary vessels, 
blood vessels, spinal cord, bone, cartilage, tendon, ligament, breast, liver, gallbladder, bile 
duct, pancreas, intestinal tissues, urinary system, skin, hernia, vocal and dental tissues. The 
method is especially suitable for construction and generation of bone, cartilage, and 
5 connective tissues; particularly extreniities such as arms, hands, legs and face. 

Thus, a method of tissue construction and generation by administering the 
injectable composition extracorporeally into organs, components of organs, or tissues prior 
to their inclusion into said mammars body, organs, or components of organs is also 
encompassed herein. 

10 

4. DETAILED DESCRIPTION OF THE INVENTION 
The present invention provides a safe, effective, stable, and long lasting 
method of tissue construction and generation (regeneration) for the treatment of various 
tissue defects by using novel injectable compositions suitable for tissue construction and 

15 generation. The invention encompasses injectable compositions comprising biocompatible, 
hydrophilic, non-toxic and substantially spherical microspheres associated with stem cells, 
preferably mesenchymal stem cells, and a biocompatible carrier useful for tissue bulking. 
The invention further provides methods of tissue construction and generation by 
administrating the injectable composition to a mammal in need of treatment for tissue 

20 defects. The injectable compositions and methods of tissue construction and generation of 
the present invention are intended to encompass the following advantages: (1) non-intrusive 
and easy to administer, providing advantages over surgical procedures and methods using 
artificial devices; (2) facilitating tissue generation with mesenchymal stem cells and their 
differentiation into proper type of tissues bemg repaired; (3) good biocompatibility and thus 

2g reduced adverse reaction from the body; (4) the injected materials are not easily displaced 
within the tissues in which they were originally injected, thus achieving the intended tissue 
construction results without repeated administration or causing adverse side effects in the 
patient; (5) the injected materials are not readily digested, displaced, or eliminated either 
biochemically or through the lymphatic system, providing a more effective and longer 
lasting treatment; (6) the materials are of sufficient size to be injected through 18 to 26 

30 

gauge needles, allowing more accurate, efficacious and less intrusive delivery of the 
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composition; (7) the injected particles are flexible, but not fragile, facilitating easy injection 
without being broken, providing easy and safe injection; (8) the injected particles are not 
irregularly shaped and do not clump together; and (9) the injected particles comprise may 
further comprise therapeutic or prophylactic agent, radiopacifying agent, and contrast 
5 medium or other detectable substances to provide therapeutic and other benefits while 
performing tissue construction and generation. These benefits, whether alone or in 
combinations, enhance the effectiveness of the treatment and are safe, more convenient and 
comfortable for patients. 

As used in the present invention, "microspheres" means polymer or 

10 combinations of polymers made into bodies of various sizes. The microspheres can be in 
any shape, although they are often in substantially spherical shape. "Elastic microspheres" 
refers to microspheres comprise polymers that have elastic properties. Preferably, the elastic 
microspheres are capable to be compressed to up to 30% to 50% of their original shape. 
"Swellable microspheres" refers to microspheres that are capable of absorbing 5% or more 

3^5 water by weight, or increasing their dry weight to about 20 times of their original weight, 
upon hydration and other conditions and enlarge in size. Specific to the present invention, 
elastic or swellable microspheres means particles that are flexible enough so that they can be 
easily injected through needles of 1 8 to 26 gauge, yet the microspheres are not fragile so that 
they are not broken during the process of injection and are not capable of being digested or 

20 eliminated through the lymphatic system after injection, 

The microspheres of the present invention also comprise particles that are 
"hydrophilic," which, as used in the invention, means the particles can dissolve in, absorb, or 
mix easily with moisture, water or aqueous solution. This characteristic is important in that 
it prevents the microspheres from climiping during the procedure. 

2 g "Substantially spherical" generally means a shape that is close to a perfect 

sphere, which is defined as a volume that presents the lowest external surface area. 
Specifically, "substantially spherical" in the present invention means, when viewing any 
cross-section of the particle, the difference between the average major diameter and the 
average minor diameter is less than 20%. The surfaces of the microspheres of the present 
invention appear smooth under magnification of up to 1000 times. Further, the 
microspheres of the present invention can be precisely calibrated so that their sizes can be 
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accurately controlled. The microspheres of the present invention may comprise, in addition 
to the particles, other materials as described and defined herein. 

"Tissue damage," and "tissue defects," are used interchangeably in the 
present invention. They refer to abnormal conditions in a mammal's tissue that are caused 
5 by internal and/or external events, including, but not limited to disease, surgery, 
environmental exposure, injury, aging, or combinations thereof. 

"Tissue construction," *tissue generation," ^tissue engineering" and "tissue 
repair," are used interchangeably in the context of the present invention and refer to the 
processes or events associated with the healing, growth, regrowth, or change of conditions of 

10 tissues. The tissues encompassed by the invention include, but not limited to, muscle 
tissues, connective tissues, fats, and, nerve tissues. The tissue defects suitable for the 
treatment of the present invention include, but not limited to, defects in mammal's heart, 
coronary vessels, blood vessels, spinal cord, bone, cartilage, tendon, ligament, breast, liver, 
gallbladder, bile duct, pancreas, intestinal tissues, urinary system, skin, hernia, and dental 

15 tissues. 

"Injectable" as used in the present mvention means capable of being 
administered, delivered or carried into the body via syringes, catheters, needles, and other 
means for injecting or infusing microspheres in a liquid medium. 

"Cell adhesion promoter" in the present invention means any material that, 
because of their presence in or association with the microspheres, promotes or enhances the 
adhesiveness of cells to the surface of the microspheres. These materials are often proteins 
that are bound to the surface of the microspheres through covalent bonds of the proteins and 
the polymers. 

"Therapeutic agent" in the present invention refers to any substance that 
provides therapeutic effects to the process of dermal augmentation or biological or 
physiological responses to the dermal augmentation. An example of therapeutic agent is an 
anti-inflarrunation agent that prevents or reduce the effect of inflammations associated 
dermal augmentation. 

For clarity of disclosure, and not by way of limitation, the detailed description 
of the present invention is divided into the subsections which follow. 
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4.1 Injectable Compositions 
Thie present invention provides an injectable composition suitable for tissue 
construction and generation for a mammal. Specifically, the suspension comprises 
biocompatible, hydrophilic, non-toxic and substantially spherical microspheres associated 
5 with stem cells, especially mesenchymal stem cells and a biocompatible carrier. The 
composition is injectable through needles of about 18 to 26 gauge and the microspheres are 
not capable of being digested, displaced or eliminated by the lymphatic or immune system. 
Thus, the injectable composition of the present invention comprise three major components: 
microspheres, mesenchymal stem cells and biocompatible carrier. 

10 The pluripotent mesenchymal stem cells have the ability of taking different 

growth path upon receiving different signals. For example, in response to bone 
morphogenic factor, mesenchymal stem cells take on a bone forming lineage and eventually 
developed into bone cells. In response to injury, mesenchymal stem cells can migrate to 
appropriate site and react to local differentiation factors, thus adopting a distinct path. Thus, 

15 after the successful purification and cultural expansion of the mesenchymal stem cells, 
microspheres are associated with cells under conditions that will facilitate the differentiation 
of the stem cells at the site of injection and tissue repair. This can be achieved by the 
addition of known differentiation inducers or by the naturally generated inducers at the site 
of tissue injury. 

2 Q The isolation, purification, and ctilture of mesenchymal stem cells used in the 

present invention can be achieved through methods known to those skilled in the art, such as 
the method described by Young et al., J. Tiss. Cult. Meth. . 14:85 (1992) or the method 
disclosed in U.S. Patent No. 5,226,914, both are incorporated by reference as part of the 
disclosure herein. The origin of the mesenchymal stem cells can be of any source suitable 
for the methods of isolation and cultural expansion, such as fi*om bone marrow, muscle cells, 
or connective tissue cells. 

More specifically, and by way of example, it has been demonstrated that 
human mesenchymal stem cells can be isolated and purified from a number of different 
sources, including plugs of femoral, head cancellous bone pieces obtained firom patients with 
degenerative joint disease during hip or knee replacement surgery, and from aspirated 
marrow obtained from normal donors and oncology patients who have marrow harvested for 
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future bone marrow transplantation. Although the harvested marrow can be prepared for cell 
culture separation by a number of different mechanical isolation processes depending upon 
the source of the harvested marrow (/.«., the presence of bone chips, peripheral blood, etc.), 
the critical step involved in the isolation processes is the use of specially prepared media that 
5 contain agents which allow for not only mesenchymal stem cell growth without 
differentiation, but also for the direct adherence of only the mesenchymal stem cells to the 
plastic or glass surface area of the culture dish and, later on, the microspheres. The 
availability of special media that allow for the selective attachment of the desired 
mesenchymal stem cells, which are present in the marrow samples in very minute amounts, 

10 makes it possible to separate the mesenchymal stem cells from the other cells (i.e., red and 
white blood cells, other differentiated mesenchymal cells, etc.) present in the bone marrow. 

Genetic and molecular studies have led to the conunercial production of cell 
culture media that facilitate the division and growth of mesenchymal stem cells without 
differentiation, such as the 801^ medium manufactured by Gibco (Grand Island, NY), 

15 although modifications may be necessary based on the specific type of mesenchymal stem 
cells used. A person skilled in the art would understand and be able to perform the 
necessary modification. 

The isolation and culturally expansion of mesenchymal stem cells typically 
start with the isolation of the stem cells from animal or human sources. Harvest from bone 

2 Q marrow is usually the preferred method. The harvest is performed typically by mixing 
marrow or pieces of bone with suitable media, such as BGI^ medium. After dispersing the 
manow and spiiming, a pellet of cells and bone pieces are obtained. Bone pieces are further 
removed through washing and spinning and the remaining cells are re-suspended in the 
medium. It is necessary, sometimes, to trypsinize and freeze the cells to kill any fibroblasts 
in the cell culture. The culturing of the stem cells in the medium then begins, which usually 

2 5 

takes one to a few days for the cells to become confluent. 

The confluent mesenchymal stem cells are then detached from their cultural 
expansion surface support, preferably by trypsinization, and associated with the 
microspheres of the present invention, which have superior cell adhesion ability. This 
process is similar to the conventional microbead culturing of mammal cells, except that 

30 

particular medium cultural suitable for stem cell culturing is used. The association process 
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is usually accomplished by mixing the microspheres in the cell culture. The microspheres 
will provide new surface for anchoring and continuing the culturing process of the stem 
cells. The microspheres may comprise cell adhesion promoters to further facilitate adhesion 
and growth of the stem cells on the microspheres. Various types of cell adhesion promoters 
5 well known in the art may be used in the present invention. In particular, cell adhesion 
promoters can be selected from collagen, gelatin, glucosaminoglycans, fibronectins, lectins, 
polycations (such polylysine, chitosan and the like), or any other natural or synthetic 
biological cell adhesion agent. Preferably, the cell adhesion promoter is present in the 
microspheres in an amount between about 0.1 to 1 g per ml of settled microparticles. 

10 In another embodiment, the detached stem cells can be mixed with the 

sterilized microspheres immediately before injection, either inside a syringe or in a container 
and then transferred into a syringe. The microspheres can be either pre-swoHen, as 
discussed below, or kept from swelling so that a desired ftill swollen size is achieved after 
injection. The mixture of microspheres and the stem cells is then ready to be injected into 

15 the body. After the microspheres and the stem cells reach the site of injection, the 

microspheres provide both anchorage support for the stem cells and structural support tissue 
repairing and regrowth. 

Microspheres for use in the injectable composition are non-toxic to cells and 
tissues, biocompatible with the body's physiological conditions, hydrophilic, and 

2 Q substantially spherical. The microspheres comprise various polymers including biopolymers 
such as gelatin. In one embodiment, the microspheres comprise elastomers and, preferably, 
the elastomer are selected from the group consisting of acrylic polymers, vinyl alcohol 
polymers, acrylate polymers, polysaccharides, silicones, and mixtures thereof. 

The elastic microspheres for use in the present invention may have diameters 

2g ranging between about 40 ^tm to about 500 fxm. Preferably, the diameters are between 50 
^m and 300 jim, most preferably, between 100 \xm and 300 \xm. These sizes are 
advantageous in that they enable the microspheres to be easily injectable through needles of 
1 8 to 26 gauge to provide accurate and effective delivery of the injectable composition into 
the intended area, yet the microspheres are large enough so that they will not be digested, 
displaced, or eliminated by the lymphatic system. 
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The elastic microspheres for use in the present invention are flexible so that 
they can easily pass into and through injection devices without being broken or permanently 
altered in shape. The microspheres are also resistant to the muscle contraction stress 
generated during and after the injection process. Specifically, the microspheres of the 
5 present invention are easily injectable through needles of about 18 to 26 gauge. They are 
also thermally stable which allows for easy, convenient sterilization, and frozen storage for 
the preparation of injection. 

In another embodiment, the microspheres of the present invention comprise 
crosslmked polymers that are highly water absorbing and, thus, capable of swelling upon 

10 contacting with physiological fluids in certain conditions. As \mderstood by a person skilled 
in the art, the degree of swelling of crosslinked polymers generally depends on the properties 
of the polymeric materials such as their ionic character, the hydrophilicity of the polymeric 
materials, and the degree of crosslinking. Properties, such as salt and ionic concentration 
and level of pH, of the solvent in which the microspheres are suspended or with which the 

15 microspheres are contacting also affect the degree of swelling. 

As disclosed herein, by carefully controlling the size and the degree of 
swelling of certain crosslinked and swellable polymers, safe, effective, and long lasting 
dennal augmentation can be achieved using these microspheres. According to the invention, 
polymeric materials having high water absorbing ability are first chosen. The swellability of 

20 these polymers can be fiirther manipulated by controlling the polymer's ionic character and 
the degree of crosslinking by methods known to a skilled artisan. 

The microspheres of the present invention can be either anionic or cationic. 
Preferably, cationic microspheres are used because of their superior ability of promoting cell 
adhesion. The crosslinking degree of the microspheres can be changed either chemically or 

2g through radiation. A variety of crosslinking agents may be used, including, but not limited 
to, tetraethylene glycol diacrylate, tetraethylene glycol dimethacrylate, ethylene glycol 
dimethacrylate, methacrylate, and pentaerythritol dimethacrylate. The microspheres of the 
invention may comprise firom about 0.5% to about 20%, by molecular weight, of 
crosslinking agents. Preferably, the microspheres comprise from about 1% to about 5%, by 
molecular weight, of crosslinking agents. 
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More importantly, the present inyentipa discovered that the swelling of 
the microspheres comprising these polymers can be fuj^ by controlling the 

solvent in which the microspheres are suspended / -^^^^ through two steps as 

disclosed herein. First, the size of the microspheres, bgf^ injection are carefully controlled 
5 by using appropriate solvents, salt concentration and; pH level according to the specific 
microspheres used. The microspheres before injection may either remain in their original 
size or swell to certain degree due to their contact >yith the solvent. The pre-ipjection 
swelling is controlled so that the microspheres are easily injectable through 18 to 26 gauge 
needles. Second, after injection and upon contacting with tissues at injection site, the 

10 microspheres may further swell into predetermined size or retain their pre-injection size, 
either of which size will allow the microspheres to be secured at the site of injection and 
achieve desired tissue engineering effect. The degree of pre-injection swelling, and thus the 
after injection swelling, is determined by the particular microspheres used and the nature and 
location of the tissue defects being treated. 

15 The swellable microspheres for use in the present invention have diameters 

range from about 10 to about 500 ^m before swelling. Preferably, before swelling, the 
diameters of the microspheres are from about 10 to about 300 ^m and, most preferably, from 
about 100 to about 300 nm. After injection and swelling, the microspheres have average 
diameters larger than about 40 jim, preferably larger than about 70 (am and, more preferably, 

2Q larger than about 100 fim. The microspheres of the present invention are capable of swelling 
to about 4 times of their original diameters or about 15 times of their original volume. The 
fiill swollen size of the microspheres after injection are controlled, by various means 
discussed above, so that they are secured at the site of injection while not causing any 
potential injuries to the tissues. Further, the full swollen sizes of the microspheres after 
injection are predetermined based on factors such as the physiological conditions of the 
injection site, the original microspheres sizes, the solvent used and the pre-injection swelling 
of the microspheres. Thus, a specific injection plan can be designed according to the 
particular tissue repair need of the case. These sizes and properties of the microspheres are 
advantageous in that they enable the microspheres to be easily injectable through needles of 
18 to 26 gauge, preferably 24 to 26 gauge, yet the microspheres are large enough so that they 
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will be secured at the site of injection and will not be digested or eliminated by macrophage 
or other elements of the immune or lymphatic system. 

The microspheres are also resistant to injection force created by 18 to 26 
gauge needles and to the muscle contraction stress generated during and after the injection 
5 process. The microspheres are also thermally stable which allows for easy, convenient 
sterilization, and frozen storage for the preparation of injection. 

Many types of crosslinked polymers having high water absorbing ability are 
suitable for use in the present invention as long as they are non-toxic to tissues and cells and 
are biocompatible. Preferably, the polymers are selected from the group consisting of 

10 sodium acrylate polymer, acrylamide polymers, acrylamide derivative polymers or 
copolymers, sodium aciylate and vinyl alcohol copolymer, saponification products of 
copolymer of vinyl acetate and acrylic acid ester, vinyl acetate and acrylic acid ester 
copolymer, vinyl acetate and methyl maleate copolymer, isobutylene-maleic anhydride 
crosslinked copolymer, starch-acrylonitrile graft copolymer and its saponification products, 

25 crosslinked sodimn polyacrylate polymer, and crosslinked polyethylene oxide. 

The invention encompasses non-swellable microspheres, or microspheres that 
do not significantly increase in volume or diameter upon injection, as well as swellable 
microspheres. The appropriate microspheres can be chosen dependent upon the tissue or 
organ defect to be treated, 

2 Q The swellable microspheres of the present invention can be biodegradable or 

non-biodegradable. Preferably, the microspheres are sterilized before injection. They are 
also thermally stable which allows for easy, convenient sterilization, and frozen storage. 
The microspheres for use in the present invention are also stable in suspension which allows 
the microparticles to be formulated and stored in suspension and injected with different 
liquids or oils. More specifically, the hydrophilic nature of the microspheres permits placing 
them in suspension, and in particular, in sterile form of injectable solutions, while avoiding 
the formation of aggregates or adhesion to the walls of storage containers and implantation 
devices, such as catheters, syringes, needles, and the like. 

The microspheres of the present invention may contain within their structure 
or on their surfaces other chemicals, therefore displaying particular properties, such as 
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therapeutic, radio-pacifying, and contrasting effects; promotion of cell adhesion; and 
capability of being chemically modified. 

The microspheres of the present invention may fUrther associated with 
contrast medium or agent. Contrast media useful within the present invention can be found 
5 in Dawson et al. Contrast Medium in Practice (Springer-Verlag, 1994). Contrast media 
include, but not limited to, ultrasonic media, superparamagnetic media, and gadolinium 
contrast media. Preferably, the contrast media are any media that contain barium or iodine 
salts, such as high molecular weight salts, including acylamino-e-propion-amido-3-triiodo-2, 
4, 6-benzoic acid, which can be prepared under the conditions described by Boschetti et al. 
10 (Bull. Soc. Chim., No. 4 France, (1986)). In the case ofbarium or magnetite salts, they can 
be directly introduced in powered form in the initial monomer solution. 

Various types of cell adhesion promoters well known in the art may be used 
in the present invention, hi particular, cell adhesion promoters can be selected from 
collagen, gelatin, glucosaminoglycans, fibronectins, lectins, polycations (such polylysine, 
15 chitosan and the like), extracellular matrix, degradation products of cells or tissues, or any 
other natural or synthetic biological cell adhesion agent. 

Cell adhesion promoters or marking agents are introduced on microspheres 
by chemical coupling procedures well known in affinity chromatography, referred to by the 
tenn "ligand immobilization". Another method of introduction is by diffusion within the gel 
2 Q network that constitutes the bead and then trapping the diffused molecules in place by 
precipitation or chemical cross-linking. Therapeutic agents, drugs or any other active 
molecules that are suitable for transportation by the beads can also be introduced into the 
microspheres prior to injection. 

The microspheres of the present invention also can be chemically modified so 
that they will "carry" therapeutic effects, vascularization effects, anti-vascularization effects, 
visualization properties, anti-inflammatory effects, anti-bacterial effects, anti-histamine 
effects, or combinations thereof The chemical modification of the microspheres of the 
present invention is made possible by the fact that the microspheres comprise particles made 
of polymers that are crosslinked so that they can contain chemicals within their structures 
that possess various properties and that they possess unique characteristics associated with 

30 

surface covalent bonds. 
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Microspheres of the present invention further possess the property of non- 
aggregating, which usually results from an ionic charge of the microspheres. This allows 
easier injection and more effective tissue generation, especially in situations where cells are 
associated with the microspheres. This property is important to tissue generation of the 
5 present invention because it makes injection of the microspheres through 18 to 26 gauge 
needles possible and easier. This property of the microspheres also prevents them from 
aggregating or adhering to syringe or needle walls or other device used in the process. 

Microspheres of the present invention can be prepared by suspension 
polymerization, drop-by-drop polymerization, or any other method known to the skilled 

10 artisan. The mode of microsphere preparation selected will usually depend upon the desired 
characteristics, such as microsphere diameter and chemical composition, for the resulting 
microparticles. The microspheres of the present invention can be made by standard methods 
of polymerization described in the art {see, e.g., E. Boschetti, Microspheres for 
Biochromatography and Biomedical Applications. Part I, Preparation of Microbands In: 

15 Microspheres, Microencapsulation and Liposomes, John Wiley & Sons, Arshady R., Ed., 
vol. 2, pl71-199 (1999), which is incorporated herein by reference). Microspheres are 
prepared starting from an aqueous solution of monomers containing adhesion agents such as 
collagen (gelatin is a denatured collagen). The solution is then mixed with a non-aqueous- 
compatible solvent to create a suspension of droplets, which are then turned into solid gel by 

2 Q polymerization of monomers by means of appropriate catalysts. Microspheres are then 
collected by filtration or centrifiigation and washed. 

The microspheres of the invention can also be obtained by standard methods 
of polymerization described in the art such as French Patent 2,378,808 and U.S. Patents 
5,648,100 and 5,635,215 each of which is incorporated herein by reference. In general, the 

2 g polymerization of monomers in solution is carried out at a temperature ranging between 
about 0^ C and about 100** C and between about 40** C and about 60** C, in the presence of a 
polymerization reaction initiator. 

The injectable composition of the present invention preferably comprises the 
microspheres associated with mesenchymal stem cells in an amount from about 10% to 
about 90% by weight and the biocompatible carrier in an amount from about 10% to about 
90% by weight. More preferably, the amount ranges from 10% to 50% by weight for 



- 18 - 



wo 01/70290 



PCT/USOl/08528 



microspheres and the stem cells and from 50% to 90% for biocompatible carrier. The 
relative amount of the microspheres and the carrier changes according to the need of the 
specific tissue repair performed, depending on factors such as size of needle used, type of 
microspheres and carriers used, type of tissue defect, area of injection, type of tissue or cells 
5 being repaired, and whether cells are associated with the microspheres prior to injection. 

In one embodiment, the injectable composition of the invention comprises 
microspheres suspended in stem cell culture medium which also contain detached stem cells. 
The composition can either be allowed to continue the stem cells culture process so that the 
cells will be associated with the microspheres or the composition can be injected 

10 immediately. Thus, in this embodiment, the biocompatible carrier of the injectable 
composition is essentially the stem cell culture medium. 

In another embodiment, the biocompatible carrier of the injectable 
composition is a solvent which has been used to control the swelling of the microspheres. In 
this embodiment, once the microspheres, the solvent and the detached stem cells are mixed 

X5 together, the composition is immediately injected so that the viability of the stem cells are 
not affected. 

Many types of emulsion and solvents can be used as the biocompatible carrier 
for the injectable composition. The solvent is preferably in such a condition that the 
microspheres can be imiformly sxispended and, more importantly, that the swelling of the 

2 Q microspheres are also controlled by adjusting the solvent, the salt and ionic concentration, 

the pH value, or combinations thereof. Suitable solvents for the present invention include 
aqueous based solutions such as saline solutions, PBS solutions, alcohol based solutions, 
and other biocompatible hydro-organic solutions known in the art. 

Salt concentration and pH level of the solvent can be changed to control the 
2g degree of swelling of the microspheres once they are suspended in the solvent. The presence 
of cations such as sodium, potassium, calcium, magnesium, iron, zinc, and anunonium has 
various level of effects on the degree of swelling of the microspheres depending on the 
specific polymer and salt used. The degree of swelling of the microspheres is partially 
controllable by changing the balance of smaller cations and larger cations between the 
solvent and the microspheres. In a preferred embodiment, the contrasting agent associated 

3 0 

with the microspheres serves as an agent controlling the degree of swelling of the 
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microspheres. A salt level of 0.01 M to 5 M is effective to keep the microspheres from 
swelling. While the microspheres swell xminhibitedly under a neutral pH level, the change 
of pH level will affect the degree of swelling. For the anionic microspheres, the preferred 
pH level to shrink the microspheres or to keep them from swelling is from about 0.1 to 5. 
5 For the cationic microspheres, a pH level ranges from about 6 to about 1 1 will shrink the 
microspheres or keep them from swelling. 

Upon suspension in the solvent and before injection, the microspheres may 
swell and the degree of swelling is controlled by the solvent and other conditions, such as 
time and temperature of suspension. The pre-injection swelling of the microspheres is 

10 further determined by the desired after-injection-swelling for the microspheres. Thus, 
microspheres that have obtained high degree of swelling before injection will swell little 
after injection, whereas microspheres that have swelled little before injection will obtain a 
higher degree of swelling after injection. The size of the microspheres before, during and 
after injection is always controlled such that they are easily injectable through 1 8 to 26 

15 gauge needles yet become secured at the site of injection. 

The biocompatible carrier of the present invention can also be an emulsion. 
In this embodiment, the properties of the microspheres, especially their size and degree of 
swelling, are preserved through the well controlled balance between the aqueous and the 
non-aqueous phases in the emulsion. 

2 Q To prepare a suspension of the microsphere and stem cells, dried sterilized 

microspheres are mixed with the desired solvent at a pre-determined time such that the pre- 
injection swelling of the microspheres is controlled. Factors such as the material, size and 
crosslinking degree of the microspheres; the type, volume, salt concentration, pH level and 
temperature of the solvent; and the time of mixing are all considered before an injectable 

2^ suspension is made and the injection is carried out thereafter. The stem cells can then be 
mixed with the suspension immediately before mjection. 

In a preferred embodiment, dried microspheres or pre-swelled microspheres, 
as described above, are mixed with medium containing detached mesenchymal stem cells. 
The suspension is then put into conditions for further culturing of the stem cells. During the 
culturing process, the microspheres may further swell depending on the conditions of the 
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cultural medium and yet be easily injectable through needles of about 1 8 to 26 gauge, into all 
parts of the mammal in need of treatment without causing significant pain or discomfort. 

4.2 Method of Tissue Construction and Generation 
5 The invention provides methods of tissue construction and generation. The 

methods comprise administering a composition of biocompatible, hydrophilic, non-toxic and 
substantially spherical microspheres in a biocompatible carrier to a mammal. The method 
further specifies that the composition is injectable through a needle of about 18 to 26 gauge 
and the microspheres are not capable of being digested, displaced, or eliminated by the 
10 manunal's lymphatic system. 

The various specific and preferred embodiments of the injectable 
compositions described in § 4, 1 can be used in the method for tissue construction and 
generation. 

The tissue construction and generation method of the present invention 
15 provides the advantage of not being limited to the repair of any specific type of tissues or 
tissue defect in any specific organ or body part. Rather, the method is suitable for the 
construction and generation of defective tissues on any kind and of any parts of the body, 
including, but not limited to, heart, coronary vessels, blood vessels, spinal cord, bone, 
cartilage, tendon, ligament, breast, liver, gallbladder, bile duct, pancreas, intestinal tissues, 
2Q urinary system^ skin, hernia, and dental tissues. The invention's method reduces or 

eliminates immunological response to the rejection of the microspheres. Further the use of 
biocompatible, hydrophilic, non-toxic and substantially spherical microspheres and 
biocompatible carrier and the pluripotent mesenchymal stem cells improves tissue 
acceptance and the effectiveness of the treatment The methods of the invention also have 
2g been shown to increase connective tissue response. 

In a preferred embodiment of the present invention, the administration of the 
injectable composition comprises injecting the composition into the mammal in need of 
treatment. The injection can be carried out by conventional syringes and needles of 18 to 26 
gauge. The injection can also be facilitated by various techniques such as endoscopic 
delivery or laparoscopic technique. Fiuthermore, when combined with the various 

30 

advantageous embodiments of the injectable composition, such as autologous cells and 
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therapeutic agents, the methods of the present invention provides additional and more 
beneficial therapeutic effects to further improve the tissue construction and generation. 

The frequency and the amount of injection under the present invention is 
determined based on the nature and location of the particular case of the tissue defect being 
5 treated. Generally, because of the stable and long lasting character of the present invention's 
injectable composition, multiple injections are not necessary. In certain cases, however, 
repeated injection may be necessary to achieve optimal results. A skilled practitioner should 
be able to detennine the frequency and the amount of the injection for each particular case. 

According to the present invention, after injection, microspheres become 

10 secured at the position of the injection. The microspheres are not digested or eliminated by 
the lymphatic system. Furthermore, the microspheres will not displace or slide away from 
the position of injection. The affixation of the microspheres at the position of injection is 
due to, among other factors, their size, elasticity and flexibility, and hydrophilicity. The 
swellability of the microspheres at the site of injection is also important in helping secure the 

15 microspheres at the site of injection. Upon contacting the physiological fluids and the cells 
at the site of injection, the microspheres may further swell if there is no pre-injection 
swelling or the swelling is controlled to a lower level. The physiological condition, 
including salt concentration (eg., sodium and potassium) and pH level, may further help the 
microspheres swell to the desired size. 

2 Q This property of the microspheres allows precise control of the injection and 

makes it possible that the microspheres work together at position of injection and provide a 
scaffold for effective tissue construction and generation. In fact, the concept of using 
microspheres to provide a scaffold, rather than individual particles, for effective tissue 
construction and generation is a unique contribution of the present invention to the fields of 

2 g tissue construction, tissue generation, and tissue engineering. The ability of forming a 
scajBfold at the injection site makes the microspheres of the present invention particularly 
effective in providing tissue repair. The size of the scaffold is determined by the amount and 
frequency of the injection, which is in turn determined by the nature and location of the 
tissue construction and generation being performed. A skilled practitioner would appreciate 
the teaching of the present invention as a whole and be able to determine the exact amount 
and frequency of injection for each particular case. 
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The combination of the scaffold effect with the fact that microspheres of the 
invention preferably comprise mesenchymal stem cells, thus promoting new cell growth at 
the site of injection, makes the method of the invention particularly effective in providing a 
mechanism for tissue construction and generation. Since the microspheres of the invention 
5 are also preferably biodegradable, they can be incorporated into the repaired tissue after 
serving as scaffold for the tissue generation. 

The present invention also provides method of construction and generation by 
injecting the injectable composition not directly into the body, but extracorporeally into 
organs, components of organs, or tissues prior to their inclusion into the body, organs, or 
10 components of organs. 

The injection method of the present invention can be carried out by any type 
of sterile needles of 18 to 26 gauge and corresponding syringes or other means for injection, 
such as a three-way syringe. The needles, syringes and other means for injection are 
commercially available from suppliers such as VWR Scientific Products (West Chester, 
15 PA), Beckton Dickinson, Kendal, and Baxter Healthcare. The size of the syringe and the 
length of the needle used will dependent on the particular injection based on factors such as 
the specific disease or disorders being treated, the location and depth of the injection, and the 
volume and specific composition of the injectable suspension being used. A skilled 
practitioner will be able to make the selection of syringe and needle based on experience and 
2Q the teaching of the present invention. 

The invention is further defmed by reference to the following examples that 
describe in detail the preparation of injectable composition and the method of causing tissue 
bulkmg using the injectable composition. The following examples are illustrative only and 
should in no way limit the scope of the present invention. It will be apparent to those skilled 
2g in the art that many modifications, both to materials and methods, may be practiced without 
departing from the purpose and scope of this invention. 
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5, EXAMPLES 

Example 1 : 

58 grams of sodium chloride and 27 grams of sodium acetate were dissolved 
at room temperature in 100 ml of demineralized water. To this solution 400 ml of glycerol 
5 were added, the pH was adjusted to 6.0 and monomers were then dissolved. More 
specifically to this solution 90 gram of methylolacrylamide, 2 g of methaciylamidopropyK 
trimethyl-ammonium-chloride hydrochloride and 10 gram of N,hP-methylene"bis-acryIamide 
were added and the mixture was agitated until complete solubilization. The solution was 
heated at about 70^C and 100 ml of a solution of gelatin at a concentration of 500 mg/ml was 

10 added. The total volume of the mixture was then adjusted to 1000 ml by addition of 

demineralized water. Finally 20 ml of 70 mg/ml ammonium persulfate aqueous solution and 
4 ml of N,N,N',N'-tertamethyl-ethylene-diamine was added. The obtained mixture was 
stored at 70*" C for about 3 hours until formation of a compact three-dimensional gel. This 
gel was totally insoluble in water. It was cut in small pieces and then ground to get very 

15 small particles of a dimension dose to 100-200 pm. The particles were then suspended in 1 
liter of physiological buffer containing 5% (w/v) glutaraldehyde and were shaken for two 
hours. Finally the particles were extensively washed to eliminate unpolyraerized material, 
by-products and salts. To obtain homogeneous particle size distribution the particle 
suspension was sieved using an appropriate sieving net. 

2 0 These particles possess the characteristics desired for tissue cell adhesion 

prior to muscle bulking and include cationic groups and adhesion agents for an effective cell 
adhesion mechanism. 

Example 2: 

2 5 The solution of monomers prepared as described in Example 1 above was 

poured slowly into 1500 ml of stirred and hot paraffin oil (50-70** C). After a few minutes a 
suspension/emulsion of liquids was obtained (the aqueous monomer solution was dispersed 
into oil and forms very small spherical droplets) and the polymerization occurred in 
suspension. The microdroplets were transfonned into microbeads. The solid microbeads 
were recovered by centrifiigation and suspended in 1 liter of physiological buffer containing 
5% (w/v) glutaraldehyde and shaken for two hours. Finally the particles were extensively 
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washed with water to eliminate completely the oil traces. Organic solvent extraction can be 
used for a more effective oil removal or an extensive washing in the presence of traces of 
nonionic detergents. The obtained microbeads are calibrated if necessary by sieving through 
a nylon net and sterilized in an autoclave. These microspheres possess desired 
5 characteristics and properties for cell adhesion prior to muscle bulking. 



Example 3 r 

10 gram of styrene is mixed with 60 ml of toluene. 1 gram of 
divinylbenzene, 1 gramof dimethyl-aminoethyl-methacrylateand 1 gram of dimethyl- 
acrylamide are added to the resulting solution. After complete solubilization the monomer 
solution is mixed with 1% of AIBN (2,2'-azobisisobutyronitrile) as a polymerization catalyst 
and with 40 ml of paraffin oil as a viscosity mducer agent. The mixture is poured in an 
agitated water solution containing 0.5% Tween 80. In this situation there is fonnation of 
droplet suspension which turns into solid microbeads when the temperature is raised to 80- 
90** C for three to five hours. The resulting beads are dried and organic solvents extracted. 
They are then swollen in an aqueous solution of collagen in phosphate buffer at neutral pH. 
Embedded collagen is then crosslinked with glutaraldehyde as described in Examples 1 and 
2. The resulting beads possess cationic charges to interact with cell tissues and collagen for 
cell adhesion, and a chemotactic agent for cell growth and biocompatibility. They are 
suitable as tissue regeneration microspheres (/.e., to be used with stem cells). 



Example 4 ; 

10 gram of silicone beads of a diameter of 20-300 pm are suspended in 30 ml 
of a solution of hexadecylamine (10 mg/ml) in ethylacetate. The suspension is stirred for 

25 two hours and 100 ml of ethanol is added. A 1 M anmionium sulfate or sodium chloride 
solution in water is added slowly until a 300 ml suspension is obtained. The amino- 
containing silicone beads are then reacted with a butanedioldiglycydylether in alkaline 
conditions. Epoxy derivatives are thus obtained on which gelatin is coupled using a method 
well known in the art. The resulting beads have the target properties of biocompatibility, 

30 hydrophilicity, non-biodegradability and cell adhesion by the presence of cationic amino 
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groups and of gelatin as a cell growth promoting agent. They are suitable for tissue 
construction in accordance with the present invention. 

Example 5 ; 

5 Beads prepared according to Example 2 were chemically activated with well 

known reagents used in the preparation of affinity chromatography sorbents. Activated 
beads were then used for the immobilization of cell adhesion agents such as fibronectin or 
vitronectin or laminin. Adhesion agents were dissolved at 1-10 mg/ml in a coupling buffer 
(100 mM carbonate or borate buffer pH 8 to 10) and the solution was mixed with the 
10 activated beads. The resulting beads possess the target properties of cell adhesion and 
growth, non-biodegradability and were non-resorbable. They are suitable for cell adhesion 
and permanent tissue construction in accordance with the present invention. Similarly, 
beads prepared according to Examples 3 and 4 can also be used. 

15 Example 6 : 

Microbeads commercially available under the name SPEC-70 (BioSepra Inc., 
Marlborough, MA) are polyacrylic polyanionic beads wnth elastic properties suitable for 
tissue bulking applications. However, these microbeads are not chemotactic and do not 
possess cationic charges. SPEC-70 microbeads are first drained under vacuum to eliminate 
2 Q water and then suspended in an aqueous solution of 1% chondroitin sulfate sodium salt in 
physiological conditions. Once this compound is absorbed on the bead structure, the beads 
are drained imder vacuum and suspended in an aqueous solution containing 20% polylysine 
by weight. The suspension is shaken for a few hours and then drained under vacuum and 
rapidly washed Avith distilled water. The beads are then suspended in a solution of 5% 
butanedioldiglycidylether in ethanol and shaken overnight. Under these conditions, the 
polylysine is crosslinked as well as chondroitin sulfate. The resulting modified beads 
possess properties such as cationic charge for cell adhesion and promoting agents for cell 
growth such as polylysine and chondroitin sulfate. 
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Example 7 ; 

Microbeads from Examples 2 were drained under vacuum and then 
suspended in a saturated solution of barium chloride. They were shaken for two hours at 
room temperature and then drained under vacuum to eliminate the excess of barium chloride 
5 solution. The beads were suspended in a saturated solution of ammonium sulfate and 
shaken for two additional hours before elimination of the excess ammonium sulfate by 
vacuum filtration. This operation of contact with barium salts and ammonium sulfate can be 
repeated several times until the resulting radiopaque precipitate inside the beads reaches the 
desired amount. Resulting beads have radiopaque properties Mdthout having lost their initial 
10 desirable properties for tissue construction. The microbeads from Examples 3, 4 and 6 can 
be similarly used. 



Example 8 ; 

Microbeads from Example 6 coated with polylysine are washed extensively 
15 with distilled water and suspended in a solution of sodium triazoate. The suspension pH is 
adjusted at about 7 by addition of acetic acid and shaken for several hours. The triazoate 
which is a radiopaque molecule is adsorbed tightly to the beads and the remaining reagents 
are eliminated by washing imder vacuum. The resulting beads still possess cell promotion 
properties and now radiopacity as well, 

20 

Example 9 : 

Microbeads described in the previous Examples may generate local 
temporary inflammatory reactions when injected in the target tissue. To avoid or decrease 
this phenomenon, the microbeads once coated with autologous cells can be filled with one or 
^ g more anti-inflammatory drugs. The microbeads are cationic by their nature and can absorb 
anionic drugs by ion exchange effect 

Prior to injection microbeads are mixed with a 10 mg/ml anti-inflanunatory 
anionic drug solution in sterile physiological saline. The suspension is shaken for several 
hours, and the beads filled with the drug are recovered by filtration or centrifiigation. The 
resulting anti-inflammatory containing microbeads may then be used as tissue construction 

30 

agents for use in the present invention. 
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Example 10 : 

In order to assess the ability of polymeric beads from Example 2 to allow 
adhesion and growth of pre-adipocytes> fresh pre-adipocytes were collected and isolated 
from Wistar rat peri-epididymal fat tissue. Pre-adipocytes were then cultured in the presence 
5 of above described microbeads at a concentration of about 7.1 x 10^ to about 1.7 x 10* 
cells/ml using the classical protocol for microcarrier culture in vitro . In a first phase the 
cells adhere on the bead surface and then they grow to totally cover the bead surface. The 
total colonization period is about 72 hours. 

Pre-adipocytes from this type of culture show good growth and specific 
10 biological activity associated with differentiation into adipocytes (accumulation of lipids). 
Moreover these cells show the presence of specific enzymatic markers such as glycerol-3- 
phosphate-dehydrogenase and malate dehydrogenase. Microbeads having cells adhered 
thereto are usefiil for tissue construction for use in the present invention. The polymeric 
beads of Examples 2 to 5 can be similarly assessed. 

15 

Example 11 : 

Preadipocytes and smooth muscle cells were isolated from Wistar rats 
according to a classical protocol to eliminate most of other contaminating cells. Separately 
these cells were cultured in a Petri dish in the presence of Dulbecco's Modified Eagle 
2Q Medium supplemented with 10% fetal bovme serum. Gelatin-coated cationic microbeads 
prepared in accordance with Example 2 were added to cells cultured in vitro until they 
covered the surface of the Petri dish. Initial cell seed concentration was 0.7 x 10^ cells/ml. 

Repeated observations showed that cells adhered on the surface of 
microbeads and fiirther multiplied to cover all the surface of the beads. After 5 to 7 days of 
2 ^ culturing, there was formation of a solid network of beads where cells acted as a binder to 
consolidate the blocks of several beads. In most cases there were formation of solid non 
dissociable aggregates comprising beads and cells. 

When, after a growing period (generally 5 to 7 days), a differentiating 
element such as 3,3',5-triiodo-D-thyronine was added to preadipocytes, the preadipocytes 
^ started to accumulate fats as micro-droplets within the cytoplasm. 
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Specific staining with 3,3'-dioctadecyloxacarbocyanine perchlorate or 2'-[4- 
hydroxyphenyl]-5-[4-methy 1- 1 -piperaziny l]2,5'-bi- 1 H-benamidazole demonstrated good 
adhesion of the cells on the bead substrate. 

Staining of the cells with red oil at the beginning of the differentiating phase 
5 evidenced die accumulation of fats inside the cells. 

In addition, specific enzymatic reactions of malic enzyme indicated that, at 
the end of the culture, resulting adipocytes were functionally viable with their major 
expressed characteristics. This enzyme is not expressed at the beginning of the culture and 
appeared simultaneously with the accumulation of fats. 
10 Smooth muscle cells were also followed in their proliferation by DNA 

synthesis assay; their adhesion on the substrate was followed as per preadipocyte cells. 
Myocytes also showed good proliferation as well as adhesion on the beads. 

Example 12 : 

15 In order to assess the ability of polymeric beads from Example 2 to allow 

adhesion and growth of muscle cells, fresh smooth cell myocytes were collected from rat 
.esophagus according to classical procedures. Cells were then cultured in the presence of 
above described microbeads at a concentration of about 10* cells/ml using the classical 
protocol for microcarrier culture in vitro . In a first phase the cells adhered on the bead 

2 Q surface and then they grow until they cover the total bead surface. The total colonization 
period was about 72 hours. 

Myocytes from this type of culture showed good growth and behavior and 
displayed the specific myosm marker. These microbeads having cells adhered thereto are 
usefiil for tissue bulking in accordance with the present invention. The beads from 

2g Examples 2 to 5 can be similarly assessed. 

Example 13 : 

At the issue of cell culture phase, the cell-bead particles are collected by 
filtration and washed extensively with blood serum from the host where the material is to be 
implanted. Thisoperationensurestheeliminationof foreign material from cell culture. The 
microbeads are then suspended in a few ml of autologous serum (a ratio of beads/serum is 
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about 1:1) and are ready to be injected within the tissue to be bulked by means of an 
appropriate syringe or other injection device. 

Example 14 ; 

5 Mlcrobeads described in Example 2 are colonized with rat muscle cells 

according to Example 10 and conditioned according to Example 13 using rat serum diluted 
with physiological saline (50%-50%), The final sterile suspension of cells anchored on 
beads (50% of volume is constituted of beads and 50% of physiological saline) is injected in 
the right thigh muscle of a rat. Three months after bead injection the muscle was observed 
10 in its shape and histologically examined. Muscle volume should be larger than the left thigh 
muscle upon autopsy. Beads inside the muscle mass should appear surrounded by 
fibroblastic cells with no specific adverse inflammatory or necrosis effects. 



EXAMPLE 15 

15 In a beaker contaming 100 mi of demineralized water, 58 g of sodium 

chloride and 27 g of sodium acetate are dissolved. One adds 400 ml of glycerol and then the 
pH is adjusted between 5.9 and 6.1. Then 90 g of N-tris-hydroxy-methyl methylaciylamide, 
35 mg of diethylaminoethylacryl-amide and 10 g of N,N-methylene-bis-aciylamide are 
added. One heats at 60-70 C and 100 mo of a hot 300 mg/ml gelatin solution is added. The 
2 0 total volume of the mixture is adjusted to 980 ml by addition of hot water and then 20 ml of 
a 70 mg/ml ammonium persulfate solution and 4 ml of 
N,N,lsr,N'-tetramethylethylenediamine are added. 

This solution is poured into paraffin oil at 50-70 C stirring. After a few 
minutes, the polymerization reaction of acrylic monomers is manifested by an increase of 
25 temperature. The microspheres are then recovered by decanting, washed carefiilly, screened 
and sterilized in an autoclave in a buffered medium. 

Those microspheres, after screen calibration, possess the characteristics 
desired for tissue regeneration (construction), including a marked cationic charge and an 
effective adhesion agent (gelatin or denatured collagen). 

30 



- 30 - 



wo 01/70290 



PCTAJSOl/08528 



EXAMPLE 16 

The procedure of Example 15 is followed, using triethylaminoethyl 
acrylamide instead of diethylaminoethyl acrylamide. After recovery of the spheres, the 
gelatin is reticulated by means of a 25% glutaraldehyde solution (100 ml of dl of the 
5 microspheres). The treatment is carried out stirring at 4 C overnight. It is followed by a 
washing with demineralized water. 

EXAMPLES 17 AND 18 

The procedure of Examples 15 and 16 is followed, replacing 10 g of 
10 N-tris-hydroxymethyl methylacrylamide with 10 g of acrylic acid. The microspheres 

obtained possess high swellability that is controllable by salt and ionic concentration and pH 
level. Those microspheres are advantageously usable in direct view of the user at the time of 
handling. 

15 EXAMPLES 19 and 20 

The procedure of Examples 15 and 16 is followed, replacing 
N-tris-hydroxymethyl methylacrylamide with 10 g of N-acryloyl hexamethylene Procion 
Red HE-3B. The microspheres obtained possess an intense red coloration due to the 
integration of the acrylic dye in the polymer lattice. Those microspheres are advantageously 

2Q usable in direct view of the user at the time of handling. 

EXAMPLES 21 AND 22 

One hundred milliliters of microspheres obtained according to Examples 15 
to 20 are washed with a 0.1 M borate buffer of pH 8 and then suspended in 50 ml of a 5 
25 mg/ml rhodamine isothiocyanate solution. The suspension is then stirred for at least 15 
hours, after \^4uch it is washed with a neutral buffer to a colorless supernatant. 

Those fluorescent red-colored microspheres are then calibrated and sterilized, 
and can be used in tissue construction. 
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EXAMPLES 23 AND 24 

The procedure of Examples 15 to 20 is followed, replacing 10 g of 
N-tris-hydroxymethyl methylaciylamide with 10 g of a monomer opaque to X-rays, 
(aciylamido-3-propionamido)-3-triiodo-2,4,6-benzoic acid. 
5 The microspheres obtained possess the property of absorbing X-rays and are 

therefore of particular interest in their in vivo follow-up after tissue construction, 

EXAMPLES 25 TO 28 

The procedure of Examples 15 to 16 is followed, adding to the initial 
10 monomer solution 5 g of a radio-opaque soluble linear polymer, 
aery lamino-3-triiodo-2,4,6-benzoic poly acid (Examples 1 1 and 12) or 
(acrylamino-3-propionamido)-3-triiodo-2,4,6-ben2oic polyacid (Examples 13 and 14). 

Those polymers, having a molecular weight exceeding 100,000 Dalton, are 
imprisoned in the polymer lattice and, without disturbing the general properties of the 
15 microspheres for the applications claimed, make it possible to attain a radiopacity usable for 
the in vivo follow-up of tissue construction procedure. 

EXAMPLES 29 AND 30 

The procedure of Examples 15 and 16 is followed, adding to the initial 
2Q monomer solution 200 g of barium sulfate power. The microspheres obtained are opaque to 
both visible light and X-rays. 

EXAMPLES 31 AND 32 

The procedure of Examples 15 and 16 is followed, adding 50 mg of 
25 magnetite (Fe304) to the initial monomer solution. 

The microspheres obtained have the property of being detected in (Magnetic 
Resonance Imaging) MR] imagery. 

EXAMPLE 33 - Comparative e valuation of two types of nonresorhable sp heres 
30 ^*"^y consisted of injecting two types of calibrated microspheres, some 

prepared according to Example 2, the others of polystyrene (Biosilon Nunc Danemark), in 
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pulmonary arterial vascularization of the rat and of observing on days 0, 8 and 30 the extent 
of the cell reaction and the remodeling modalities of the occluded vessels. 
The study revealed four important facts: 

- placement in suspension and vascular injection of the polystyrene spheres is 
5 difficult and clusters are formed at the segmental narrowing constituting the nozzle of the 

syringe, the base of the catheter and the possible changes of diameter of the catheters; 

- the cell reaction is earlier, more intense and more durable with the spheres 
of Example 1 than with polystyrene. On the 8th day the thickness of the cell reaction 
covering the spheres of the invention is almost three times greater than that covering the 

10 polystyrene spheres (34 ixm as compared to 13 ^m); 

- there is no differences in kinetics in the vascular remodeling with either 

material; 

- no phenomenon suggesting the toxicity of either material was observed. 
In conclusion, the microspheres of the invention are more manageable and 

15 more effective as adhesive agent. 



EXAMPLE 34 - PREPARATION OF INJECTABLE SUSPENSION 

Microspheres from any of Example 2, 6, or 15-18 are washed, sterilized, and 
then mixed with cell culture containing mesenchymal stem cells. The stem cells are then 
2 Q detached from their original culturing surface, preferably by trypsinization. The mixture of 
microspheres, stem cell culture medium and detached stem cells is allowed to continue a 
culturing process that is both sterile and suitable for stem cell culturing for a period of no 
less than 12 hours. The suspension is then ready for injection. 

The embodiments of the present invention described above are intended to be 

25 

merely exemplary and those skilled in the art will recognize, or be able to ascertain using no 
more than routine experimentation, numerous equivalents to the specific procedures 
described herein. AH such equivalents are considered to be within the scope of the present 
invention and are covered by the following claims. 

The contents of all references described herein are hereby incorporated by 
reference. Other embodiments are within the follo wing claims. 
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What is claimed is: 



1 . An injectable composition suitable for tissue construction and generation in a 
mammal which comprises biocompatible, hydrophilic, non-toxic and substantially spherical 

5 microspheres associated with stem cells and a biocompatible carrier, wherein said 
composition is injectable through needles of about 1 8 to about 26 gauge and said 
microspheres are not capable of being displaced, or eliminated by the lymphatic system. 

2. The composition of claim I, wherein the stem cells are mesenchymal stem 
10 cells isolated from bone marrow, muscle tissues, dermis, or combinations thereof. 

3. The composition of claim 1, wherein the microspheres have diameters 
ranging from about 10 ^im to about 500 ^im before injection. 



15 4. The composition of claim 3, wherein the microspheres have diameters 

ranging from about 40 \xm to about 300 |im before injection. 

5. The composition of claim 4, wherein the microspheres have diameters 
ranging from about 100 nm to about 300 \xm before injection. 

20 

6. The composition of claim 1 , wherein the composition comprises the 
microspheres in an amount from about 10% to about 90% by weight and the biocompatible 
carrier in an amount from about 10% to about 90% by weight. 

25 ^* composition of claim 6, wherein the composition comprises the 

microspheres in an amount from about 10% to about 50% by weight and the biocompatible 
carrier in an amount from about 50% to about 90% by weight. 

8. The composition of claim 1, wherein the composition is a suspension of said 
30 "^^^^^sphcres in said biocompatible carrier. 
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9. The composition of claim 1 , wherein the biocompatible carrier is an 
emulsion. 

10. The composition of claim 1, wherein the biocompatible carrier is organic or 
5 non-aqueous solvent. 

1 1 . The composition of claim 1 , wherein the biocompatible carrier is an aqueous 
based solution, a hydro-organic solution, or mixtures thereof. 

10 12. The composition of claim 1 , wherein the biocompatible carrier is a medium 

suitable for mesenchymal stem cell culturing. 

1 3. The composition of claim 1 , wherein the microspheres swell upon contact 
with physiological fluids. 

15 

14. The composition of claim 1, wherein diameters of the microspheres after 
injection are about 1 to 4 times of diameters of the microspheres immediately prior to 
injection. 

20 15. The composition of claim 1 , wherein the microspheres comprise one or more 

elastomers. 

16. The composition of claim 15, wherein the elastomers are selected from the 
group consisting of acrylic polymers, vinyl alcohol polymers, aery late polymers, 

25 polysaccharides, silicones, and mixtures thereof 

1 7. The composition of claim 1 , wherein the microspheres are swellable and 
comprise polymers selected from the group consisting of sodium acrylate polymer, 
aciylamide polymer, acrylamide derivative polymer or copolymer, sodium acrylate and vinyl 
alcohol copolymer, vinyl acetate and acrylic acid ester copolymer, vinyl acetate and methyl 
maleate copolymer, isobutylene-maleic anhydride crosslinked copolymer, starch- 
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acrylonitrile graft copolymer, crosslinked sodium pplyacrylate polymer, and crosslinked 
polyethylene oxide. 

1 8. The composition of claim ,! , wherein the composition is biodegradable. 

5 

1 9. The composition of claim 1 , further comprises therapeutic agent, radio- 
pacifying agent, contrast medium, or mixtures thereof. 

20. The composition of claim 19, wherein said agents or medium are bound to 
10 the microspheres. 

21. The composition of claim 19, wherein the therapeutic agent is anti- 
inflammatory agent. 

15 22. The composition of claim 1 , wherein the microspheres are capable of being 

chemically modified to have therapeutic effects, vascularization effects, anti-vascularization 
effects, visualization properties, anti-inflammatory effects, anti-bacterial effects, anti- 
histamine effects, or combinations thereof. 

20 23. A method of tissue construction and generation in a mammal comprising 

administering to said mammal a therapeutically effective amount of a composition of 
biocompatible, hydrophilic, non-toxic and substantially spherical microspheres associated 
with stem cells in a biocompatible carrier, wherein the composition is injectable through a 
needle of about 18 to about 26 gauge and the microspheres are not capable of being 

2g displaced, or eliminated by the immune system. 

24. The method of claim 23, wherein the stem cells are mesenchymal stem cells 
isolated from bone marrow, muscle tissues, dermis, or combinations thereof. 



25. The method of claim 23, wherein the administration comprises injecting said 
composition into the mammal 
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26. The method of claim 23, wherein the tissue construction and generation is for 
the treatment of tissue defects in the mammaPs heart, coronary vessels, blood vessels, spinal 
cord, bone, cartilage, tendon, ligament, breast, liver, gallbladder, bile duct, pancreas, 
intestinal tissues, urinary system, skin, hernia, vocal cord, dental tissues, or combinations 

5 thereof. 

27. The method of claim 23, wherein the mammal is a human. 

28. The method of claim 23, wherein the administration comprises injecting said 
10 composition extracorporeally into organs, components of organs, or tissues prior to their 

inclusion into said mammal's body, organs, or components of organs. 

29. The method of claim 23, wherein the composition is injected directly into the 
site in need of tissue repair. 



